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SUMMARY 

Tl. : - .- ̂ _.. - --+ - 
I 1113 e x p c ~ ~ L ~ ~ = ~ l  ~ a l  work w a s  conducted to determine t h e  performance 

o f  porus tungs ten  i o n i z e r s .  

plug which had t h e  h ighes t  e f f i c i ency  o f  i o n i z a t i o n .  

The purpose was t o  determine t h e  type  of 

I n  a d d i t i o n  t o  t h e  outgassing t r e a t m e n t ,  a l l  t h e  sources  were heated 

-5 i n  a p res su re  o f  1 x 1 0  

c o n t e n t s  . 1 y 2 y 3  Since t h e  oxygen adsorbed l a y e r  i s  extremely s t a b l e  up t o  

tempera tures  as high a s  1800O K , 4  t h e  source  was spu t t e red  by cesium i o n s  

be fo re  a c l e a n  su r face  d a t a  w a s  t aken .  

t e s t i n g  system, HRL 3.9 micron (rhodium brazed)  source  w a s  re-examined 

f o r  t h e  second t ime ( o t h e r  sources  were t e s t e d  i n  between). The second 

set  o f  d a t a  coincided e x a c t l y  with t h e  prev ious  r e s u l t s  a f t e r  one s p u t t e r  

c l ean ing  t o  remove t h e  adsorbed oxygen l a y e r .  

t o r r  of oxygen i n  o r d e r  t o  reduce t h e i r  carbon 

To t e s t  t h e  r e p r o d u c i b i l i t y  o f  o u r  

A comparison o f  t h e  performance o f  a rhodium brazed and an  e l e c t r o n -  

beam welded source o f  t h e  same porous material (HRL 3 . 9  micron) was con- 

duc ted .  The first electron-beam welded source  showed a much h igher  n e u t r a l  

f r a c t i o n  than  t h e  rhodium brazed one. 

l i e v e d  due t o  contaminat ion during t h e  welding p rocess .  

dur ing  t h e  welding f 0 r . a  second electron-beam welded source .  Af t e r  exten-  

s i v e  c l ean ing  t h e  second electron-beam welded source  showed a lower 

n e u t r a l  t han  t h e  rhodium brazed source and less degrada t ion  i n  performance 

as t h e  c u r r e n t  d e n s i t y  inc reases .  

electron-beam welded sources  had a t r a n s m i s s i v i t y  twice as high as t h a t  

o f  t h e  rhodiam brazed ,  one may conclude t h a t  t h e r e  w a s  f u r t h e r  s i n t e r i n g  

du r ing  t h e  rhodium braz ing  ( %  2240O K ) .  

The h igh  n e u t r a l  f r a c t i o n  was be- 

Care was t aken  

This  a long  wi th  t h e  fac t  t h a t  bo th  

x i  



EOS 1B-N20 low equ iva len t  d e n s i t y  ( 51.55%) s p e c i a l  e tched  s t r u c t u r e  

(see Figures  25 and 26)  has  t h e  lowest  n e u t r a l  f r a c t i o n  f o r  a g iven  cur -  

r e n t  d e n s i t y .  

When one compares t h e  performance of t h e  LeRC 3.5 micron t o  LeRC 4.2 

micron and ORNL 3.5 micron t o  ORNL 4.2 micron,  one f i n d s  t h a t  t h e  n e u t r a l  

f r a c t i o n  of 3.5 micron i n c r e a s e s  slower than  t h a t  o f  4.2 micron wi th  

i n c r e a s i n g  cesium ion  d e n s i t y .  

shows t h e  s u p e r i o r i t y  o f  t h e  3.5 micron ove r  t h a t  o f  t h e  4.2 micron. 

exp lana t ion  o f  t h i s  is t h a t  t h e  c u r r e n t  d e n s i t y  p e r  pore f o r  a g iven  i o n  

c u r r e n t  is lower for t h e  3 . 5  micron than  t h e  4.2 micron. 

The performance a t  20 m a / c m 2  d e f i n i t e l y  

The 

The inf luence  of molecular  c u r r e n t  d e n s i t y  i n  each pore  can be t r a c e d  

t o  t h e  r e l a t i v e  c o l l i s i o n  p r o b a b i l i t y  between cesium molecules  and between 

cesium and t h e  tungs ten  walls of  t h e  pore ;  i f  cesium wi th  cesium c o l l i s i o n  

dominates ,  t h e  r e s u l t i n g  cesium beam w i l l  be un-ionized.  

I n  a r ecen t  paper5 it was i n d i c a t e d  t h a t  tungsten-tantalum a l l o y  has  

a low work func t ion  (3 .8  e v )  f o r  W-3 pe r  c e n t  T a  t o  W-20 per  c e n t  T a .  

However, our  r e s u l t s  do no t  ag ree .  The work f u n c t i o n  f o r  W-10 per  c e n t  

Ta  was measured t o  be 4.7 ev by t h e  s u r f a c e  i o n i z a t i o n  method. 

x i i  
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INTRODUCTION 

This  i s  a f i n a l  r e p o r t  which covers  t h e  pe r iod  frem March 1966 t o  

February 1967. 

Engineer ing,  U n i v e r s i t y  o f  I l l i n o i s ,  under t h e  c o n t r a c t  NAS-3-8904 from 

The work was performed a t  t h e  Department of E l e c t r i c a l  

L e w i s  Research Center of t h e  National Aeronautics and Space Admin i s t r a t ion .  

The g o a l  o f  t h i s  program i s  t o  conduct an experimental  s tudy  toward gain-  

i ng  a b e t t e r  understanding o f  t h e  behavior of cesium s u r f a c e  i o n i z a t i o n  on 

porous tungs t en .  Nine porous p e l l e t s  were supp l i ed  by t h e  L e w i s  Labora- 

t o r i e s .  The o b j e c t  o f  t h e  i n v e s t i g a t i o n  was t o  determine t h e  t r ansmiss ion  

c o e f f i c i e n t ,  t h e  n e u t r a l  e f f l u x  as a f u n c t i o n  of c u r r e n t  d e n s i t y  up t o  20 

2 m a / c m  and t h e  c r i t i c a l  temperature  as a f u n c t i o n  of c u r r e n t  d e n s i t y  a t  

2 2 
i n t e r v a l s  of 1 m a / c m  , 5 m a / c m 2 ,  1 0  ma/cm2 and 20 m a / c m  . 

The n e u t r a l  e f f l u x  and t h e  c r i t i ca l  temperature  may vary widely de- 

pending on t h e  porous s t r u c t u r e ,  t he  pore s i z e ,  t h e  t r ansmiss ion  c o e f f i -  

c i e n t ,  t h e  "a l loy ing"  m a t e r i a l  and f i n a l l y ,  t h e  unknown contaminants i n -  

troduced i n  t h e  p e l l e t  du r ing  f a b r i c a t i o n .  The unknown contaminants are 

probably t h e  most i n f l u e n t i a l  f a c t o r  i n  determining t h e  n e u t r a l  e f f l u x  and 

t h e  c r i t i c a l  temperature .  

Among t h e  n i n e  p e l l e t s  t e s t e d  i n  t h i s  r e p o r t i n g  per iod were porous 

s t r u c t u r e s  of  compressed s p h e r i c a l  powders (Hughes 3.9 micron)  and spe- 

c i a l l y  prepared s t r u c t u r e s  (EOS 1B-X120). 

microns l e d  t o  t r ansmiss ion  c o e f f i c i e n t s  which v a r i e d  from 1 0  t o  

Grain s i z e s  of 3 microns t o  4 

-4 

( t h e  t r ansmiss ion  c o e f f i c i e n t s  were measured on samples of 20 m i l  t h i c k -  

, n e s s ) .  I n  a d d i t i o n ,  some tungsten p e l l e t s  were "alloyed" with a small 

percentage o f  tantalum and boron metals. 



EXPERIMENTAL METHOD 

The porous tungs t en  i o n i z e r s  were compared on t h e  b a s i s  o f  t ransmis-  

s i o n  c o e f f i c i e n t ,  n e u t r a l  f r a c t i o n  and c r i t i c a l  t empera ture  as  a f u n c t i o n  

of  c u r r e n t  d e n s i t y .  

Transmission C o e f f i c i e n t  

The main flow mechanism of  cesium through t h e  porous p e l l e t  i s  mole- 

c u l a r  f low r a t h e r  t han  v i scous  f low,  s i n c e  t h e  mean f ree  pa th  is  much 

longer  than t h e  dimension o f  t h e  pore .  Therefore ,  t h e  measurement of  

t r a n s m i s s i v i t y  should be conducted under a p r e s s u r e  less  than  a f e w  mm Hg. 

The t r a n s m i s s i v i t y  i s  def ined  as  t h e  r a t i o  of  t h e  number o f  molecules  

coming ou t  of t h e  f r o n t  su r f ace  t o  t h e  number of molecules  h i t t i n g  t h e  

back su r face  of t h e  e m i t t e r .  

u n i t y .  

without  t h e  porous plug i n  p l ace .  

The t r a n s m i s s i v i t y  of  a ho le  t o  vacuum i s  

Another way o f  d e f i n i n g  it i s  t h e  r a t i o  of  pumping speed wi th  and 

The pumping speed of  a ho le  t o  vacuum 

is  

where r i s  t h e  

A is t h e  

n i s  t h e  

r A  s = -  
n 

2 d i f f u s i o n  r a t e  i n  number o f  molecules/cm sec  

2 a r e a  of  t h e  ho le  i n  cm 

d e n s i t y  i n  number of  molecules/cc 

From t h e  k i n e t i c  t heo ry  of  gases  w e  know t h a t  

n3  r = -  
4 

and 

2 



where V is t h e  mean v e l o c i t y  o f  t h e  molecules ,  

k i s  t h e  Boltzmann c o n s t a n t ,  

T is  t h e  temperature  and 

m i s  t h e  mass o f  t h e  molecule.  

S u b s t i t u t i n g  Equation ( 2 )  and Equation (3) i n t o  Equation (1) w i l l  g ive  t h e  

pumping speed of a ho le  

S A /% A x 1 1 , 6 0 0  cc /sec  

for a i r  a t  room tempera ture .  

be expressed as 

The pressure  v a r i a t i o n  o f  a f i x e d  volume can 

P Po exp [- F) 
where p is t h e  p re s su re  a t  t i m e ,  t ,  equa l  t o  z e r o ,  

0 

S is t h e  pumping speed and 

V i s  t h e  volume of t h e  con ta ine r .  

Equation ( 5 )  can be r e w r i t t e n  as  

( 5 )  

When t h e  porous p lug  is  i n  p l a c e ,  one can measure t h e  t i m e  A t  r e q u i r e d  t o  

pump t h e  p re s su re  from p1 t o  p2. 

from Equation ( 4 )  and Equation ( 6 )  

The t r a n s m i s s i v i t y ,  T ,  can be  c a l c u l a t e d  

A t  a t  

3 



Neutra l  Frac t ion  as a Funzt ion of Current  Densi ty  

An omega-field a c c e l e r a t i n g  system w a s  chosen over  t h e  g r i d  s t r u c t u r e  

f o r  t h i s  experiment. 

cesium molecules which wodd  g ive  ambigsods n e u t r a l  e f f l u x  r e a d i n g s .  

advantages a r e  no cesium accumulation on t h e  a c c e l e r a t i n g  s t r u c t u r e  t o  

produce a low wark f u n c t i o n  s u r f a c e  which causes  h igh  d r a i n  c u r r e n t s  and 

no back s p u t t e r i n g  of t h e  a c c e l e r a t i n g  s t r u c t u r e  m a t e r i a l  T O  contaminate  

t h e  ion  emission surface.  

The "open" s t r u c t u r e  e l i m i n a t e s  t h e  s c a t t e r i n g  o f  

Other 

The n e u t r a l  e f f l u x  was measured by a hot  f i l amen t  n e u t r a l  d e t e c t o r  

wi th  a s h u t t e r  mechanism t o  s e p a r a t e  t h e  t r u e  n e u t r a l  cesium read ing  from 

t h e  background c u r r e n t .  

i on  c u r r e n t  d e n s i t y  from 1 ma/cm2 t o  25 rna/cm2 

by a ba f f l ed  c u r r e n t  c o l l e c t o r  which w a s  b iased  t o  r e c o l l e c t  i t s  secondary 

e l e c t r o n s .  

vent  any backstreaming cf cesium which could r e s u l t  i n  charge  exchange and 

false n e u t r a l  r ead ings  from t h e  deriector.  

Measurements were made as a f u n c t i o n  of  cesium 

The ion  beam was c o i l e c t e d  

The b a f f l e d  c o l l e c t o r  was alsc l i q u i d  n i t r o g e n  cooled t o  pre-  

The d ra in  c u r r e n t  from t h e  a c c e l e r a t i n g  e l e c t r o d e  and t h e  source  

c u r r e n t  from t h e  i o n i z e r  were moni';ored t o  c r a s s  check t h e  b a f f l e d  co l -  

l e c t o r  reading .  

C r i t i c a l  Temperature as a Function of Curren t  Dens i ty  

2 2 
The c r i t i c a l  temperature  was taken  a t  i n t e r v a l s  of  1 m a / c m  , 5 ma/cm , 

2 
1 0  ma/cm2 and 20  m a / c m  a P r i o r  t o  each r e a d i n g ,  t h e  emission s u r f a c e  w a s  

s p u t t e r e d  by cesium ions  t o  remove any contaminants  which might have come 

from t h e  vacuum system or t h e  i n t e r i o r  of t h e  porous p lug .  

f a c e  t h u s  prepared i s  be l i eved  t o  g i v e  a t r u e  cri t l ical  tempera ture .  

A c l e a n  s u r -  

The sur face  s p u t t e r i n g  w a s  accomplished by lowering a ho t  t ungs t en  

r ibbon  c l o s e  t o  t h e  emission s u r f a c e .  When t h e  e m i t t e r  has  a p o t e n t i a l  

4 



nega t ive  wi th  r e s p e c t  t o  t h e  r ibbon,  t h e  n e u t r a l  cesium coming from t h e  

emitter w i l l  be s u r f a c e  ion ized  on t h e  r ibbon and a c c e l e r a t e d  back t o  

s p u t t e r  t h e  e m i t t e r  s u r f a c e .  

The c r i t i ca l  temperature  was measured by an o p t i c a l  pyrometer and a 

thermocouple t o  provide a c r o s s  check. 

ve r sus  tungs t en  - 26 per  c e n t  rhenium was used a s  t h e  thermocouple. 

Tungsten - 5 p e r  c e n t  rhenium 

5 



EXPERIMENTAL APPARATUS 

The experimental  arrangement i s  similar t o  t h a t  of t h e  p rev ious  

The experiment was conducted i n  a demountable g l a s s  T w i th  work. 6 y 7  

s t a i n l e s s  s t e e l  end-p la t e s  and t e f l o n  O-rings as shown i n  F igu re  1. 

vacuum s t a t i o n  c o n s i s t s  of a 150  l i t e r / s e c  ion  pump and two s o r p t i o n  

pumps t o  e l imina te  any p o s s i b l e  back d i f f u s i o n  of o i l  vapor which would 

ca rbon ize  the  hot t ungs t en  s u r f a c e .  

system was of t h e  o r d e r  o f  1 0  

The 

The t o t a l  p r e s s u r e  i n  t h e  vacuum 

-8 t o r r  and contained mostly untrapped cesium. 

Source Assembly 

The p e l l e t  was machined t o  0.156 inches i n  diameter  and 0 .020  inches  

t h i c k .  One o f  t h e  p e l l e t s  was rhodium brazed t o  t h e  molybdenum plenum 

whi l e  t h e  o t h e r  e i g h t  were e l e c t r o n  beam welded. F igu re  2 shows a c r o s s -  

s e c t i o n  of t h e  source assembly with a tantalum h e a t e r  i n  p l a c e .  The 

0 .060  inch  O.D. molybdenum feed  t u b e  s l i d  f o r  about 1 . 5  i nches  i n t o  a 

t h i c k  wall molybdenum tube  which was connected t o  t h e  cesium r e s e r v o i r .  

The p r e c i s i o n  f i t t i n g  of t h e s e  two t u b e s  and t h e  cascade d i f f e r e n t i a l  

pumping along t h e  overlapping p o r t i o n  a s su red  t h a t  t h e r e  was no leakage 

of cesium a t  t h e  j u n c t i o n .  The cesium r e s e r v o i r  was formed by 0 . 5  i nch  

O . D .  OFHC copper t u b i n g  wi th  one end pinch-sealed.  

cesium was placed i n  t h e  r e s e r v o i r .  

A g l a s s  ampoule of  

The ampoule was crushed from t h e  

o u t s i d e  of t h e  vacuum system a f t e r  t h e  chamber was evacuated.  

Acce le ra t ing  E lec t rode  

The a c c e l e r a t i n g  e l e c t r o d e  was made of 5 m i l  t ungs t en  s h e e t  so  t h a t  

it was p o s s i b l e  t o  pass  c u r r e n t  through t h e  s h e e t  t o  keep it h o t  and t h u s  

t o  prevent  t h e  accumulation o f  cesium t h a t  Figure 3 shows. The edge of  

t h e  e l e c t r o d e  has been spo t  welded wi th  a po l i shed  50 m i l  r i n g  t o  avoid 
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Figure 1. Experimental  appa ra tus  
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Figure 2.  Schematic diagram of  t h e  cesium ion source  assembly 
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Figure 3 .  Accelerating e l e c t r o d e  s t r u c t w e  
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a l o c a l i z e d  high e l e c t r i c  f i e l d .  

t o  a n e g l i g i b l e  amount. 

This  e l e c t r o d e  reduced t h e  d r a i n  c u r r e n t  

Neutral  Detector 

The n e u t r a l  d e t e c t o r  was s t a t i o n a r y  and l i q u i d  n i t r o g e n  cooled as 

shown i n  Figure 4 .  The c a l i b r a t i o n  used was based on 1 0 0  p e r  c e n t  n e u t r a l  

emission e i t h e r  du r ing  a no v o l t a g e  c o n d i t i o n  or when t h e  p e l l e t  was be- 

yond c r i t i c a l  t empera tu re .  The n e u t r a l  r e a d i n g  was no t  s e n s i t i v e  t o  t h e  

d e t e c t o r  ribbon temperature  as long as t h e  r i b b o n  was above t h e  c r i t i ca l  

temperature .  

e x i s t i n g  background n o i s e .  

of cesium per cm . I n  o t h e r  words, t h e  lower l i m i t  o f  d e t e c t i o n  o f  n e u t r a l  

f r a c t i o n  i s  0 .5  p e r  c e n t  a t  1 m a / c m 2  and 0 . 1  p e r  c e n t  a t  5 m a / c m 2  and 0 .05  

p e r  c e n t  a t 1 0  m a / c m  . 

-11 
This  d e t e c t o r  was capable  o f  r e a d i n g  1 x 1 0  amp with t h e  

This  i s  e q u i v a l e n t  t o  d e t e c t i n g  5 x amp 
2 

2 Thus, on a f r a c t i o n a l  b a s i s  t h e  d e t e c t o r  is capab le  

o f  measuring a lower percentage o f  n e u t r a l s  a t  h i g h e r  c u r r e n t  d e n s i t i e s  

t h a n  a t  lower ones.  This e x p l a i n s  some o f  t h e  f l a t  p o r t i o n s  of t h e  c r i t i -  

z cal  temperature  curve a t  1 m a / c m  . 

Transmissivi ty  Measurement 

The device c o n s i s t s  of a n  RCA-1946 thermocouple gauge s e a l e d  i n t o  a 

f i t t i n g  t o  support  t h e  molybdenum feed  t u b e  on which t h e  porous p e l l e t  and 

plenum are mounted. 

quick-connect f i t t i n g  on t h e  forepump s i d e  o f  a 6 i nch  pumping system. 

The quick-connect f i t t i n g  is i s o l a t e d  by a bel lows va lve  from t h e  pump 

which produces a p r e s s u r e  o f  1 0  

open. It  was necessa ry  t o  p l a c e  t h e  sample i n  a vacuum f o r  s e v e r a l  hours 

t o  remove a l l  t h e  adsorbed water vapor be fo re  each t r a n s m i s s i v i t y  t e s t  i n  

o r d e r  t h a t  t h e  d a t a  would be r ep roduc ib le .  The ou tpu t  o f  t h e  RCA-1946 

The e n t i r e  assembly f i t s  a 3 /4  i nch  diameter  Veeco 

-3 t o r r  a t  t h e  f i t t i n g  when t h e  va lve  i s  

10 



Figure 4 .  Neut ra l  d e t e c t o r  wi th  s h u t t e r  mechanism 

I 
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was recorded on a r eco rde r .  

F igure  5.  

A t y p i c a l  recorded  curve  i s  shown i n  

The complete experimental  assembly is shown i n  F igures  6 and 7 .  
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Figure 5. Transmissivity measurement of the porous pellet 
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Figure  6 .  Photograph of complete experimental  assembly 
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EXPERIMENTAL RESULTS 

Test No.1 - NASA electron-beam weld EOS W-10 pe r  cent-Ta (NASA 3-6269, 

s l a b  No. 1 0  pol i shed  s u r f a c e )  

Figure 8 i l l u s t r a t e s  t h e  g radua l  improvement of  t h e  n e u t r a l  f r a c t i o n  

as t h e  su r face  o f  t h e  newly assembled source  i s  c leaned .  

curve (l), t he  source  w a s  heated a t  1600° K f o r  over  f o u r  hours .  

P r i o r  t o  t a k i n g  

Then t h e  

source  was operated up and down i n  c u r r e n t  d e n s i t y  as shown i n  curves  (l), 

( 2 ) ,  ( 3 )  and ( 4 )  i n  F igure  1. The source  was t h e n  s p u t t e r e d  and curve ( 5 )  

was t aken .  The c r i t i c a l  temperatures  for v a r i o u s  c u r r e n t  d e n s i t i e s  were 

a l s o  t aken  a t  t h i s  t i m e .  They were about 50° K h ighe r  t han  t h e  c l ean  d a t a  

presented  i n  F igure  9 .  Fu r the r  s p u t t e r i n g  and c l e a n i n g  was cont inued 

u n t i l  t h e  sur face  was c l e a n  and t h e  d a t a  w a s  r ep roduc ib le .  The d a t a  for 

c r i t i c a l  temperature  a t  va r ious  c u r r e n t  d e n s i t i e s  is shown i n  F igure  9 .  

Figure 1 0  shows t h e  c u r r e n t  d e n s i t y  v s .  n e u t r a l  f r a c t i o n  for t h e  c l e a n  EOS 

W-10 pe r  cen t -Ta  source .  

measured t o  be 1 .53  x 

The t r a n s m i s s i v i t y  of t h i s  p e l l e t  has  been 

- 11 The n e u t r a l  d e t e c t o r  was capable  of r ead ing  a lower l i m i t  of 1 x 1 0  

2 amp (equ iva len t  t o  0 . 5  pe r  c e n t  a t  1 m a / c m  ) with  t h e  e x i s t i n g  background 

n o i s e  as mentioned p rev ious ly  i n  t h e  t e x t .  

of t h e  c r i t i c a l  temperature  curve a t  1 m a / c m 2  i n  F igure  9 and t h e  g radua l  

This  e x p l a i n s  t h e  f l a t  p o r t i o n  

i n c r e a s e  i n  n e u t r a l  f r a c t i o n  as t h e  c u r r e n t  d e n s i t y  decreased below 2 

m a / c m  i n  Figure 10. 2 

Test  No. 2 - HRL 3.9 micron (machined and rhodium brazed by Un ive r s i ty  of 

I l l i n o i s  

This  sample was in tended  as a c o n t r o l  sample for t h e  comparison of  a 

rhodium brazed t o  an electron-beam weld sample of  t h e  same porous m a t e r i a l .  

16  



Curve ( I )  - 0 -Up 

Pellet Type : € O S  W- I O  '/o Ta (2j - x -Down 

NASA Electron Beam Weld "IJ 

NASA 3-6269 (4) - 0 - Down 
Emitter Temp. : 1600' K (5) - o - After 

First Sputtering 

i3j - a - 1 1 -  

Ion Current Density ma/cm2 
Figure 8 .  The change i n  n e u t r a l  f r a c t i o n  v e r s u s  cesium ion  c u r r e n t  

d e n s i t y  as t h e  source was cleaned by long t i m e  o p e r a t i o n  
a t  high temperature and f i n a l l y  s p u t t e r e d  by cesium ions  
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Figure 9 .  Cesium n e u t r a l  f r a c t i o n  as a f u n c t i o n  of emitter temperature  
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Figure 1 0 .  Neut ra l  f r a c t i o n  as  a f u n c t i o n  of  cesium ion  c u r r e n t  d e n s i t y  
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Figure  11 i s  a x500 micrograph of t h e  HRL 3 .9  micron porous tungs ten-  

copper bu t ton  a s  rece ived  from t h e  mach in i s t .  

graph af ter  the  copper has  been d e - i n f i l t r a t e d .  

denum plenum t h e  bu t ton  was e l e c t r o l y t i c a l l y  e tched  and t h e  r e s u l t  i s  

shown i n  Figure 1 3 .  

F igure  1 2  i s  a x500 micro- 

After b raz ing  i n  a molyb- 

Figure 1 4  shows t h e  n e u t r a l  f r a c t i o n  as a f u n c t i o n  o f  c u r r e n t  d e n s i t y  

before  and a f t e r  t h e  source  was c leaned .  A l s o  shown i n  t h i s  f i g u r e  i s  a 

curve of a s l i g h t l y  oxygenated s u r f a c e .  Th i s  curve  w a s  t aken  a f t e r  t h e  

source  was cleaned and then  exposed t o  atmosphere f o r  a s h o r t  pe r iod  of 

t i m e .  

lower n e u t r a l  f r a c t i o n  and h igher  c r i t i c a l  temperature . '  

c l ean ing  t h e  adsorbed oxygen can b e  removed, and t h e  n e u t r a l  f r a c t i o n  

curve co inc ides  wi th  i t s  c l e a n  curve .  

The e f f e c t  of  a s l i g h t l y  oxygenated surface i s  supported by i t s  

With one s p u t t e r  

F igure  1 5  shows t h e  n e u t r a l  f r a c t i o n  as  a f u n c t i o n  of  emitter temper- 

a t u r e  a f t e r  the  su r face  is c leaned .  The t r a n s m i s s i v i t y  of  t h i s  source  i s  

6.85 

Test N o .  3 - HRL 3.9 micron (Electron-beam weld by NASA N o .  1) 

Electron-beam weld i s  thought  t o  be t h e  most i d e a l  way of  mounting a 

porous p e l l e t  onto a plenum, because (1) no b raz ing  material  w i l l  be i n t r o -  

duced t o  t h e  source which might contaminate  t h e  s u r f a c e ,  and ( 2 )  t h e  pos- 

s i b i l i t y  of t he  braz ing  material p e n e t r a t i n g  i n t o  t h e  porous tungs t en ,  

which would reduce t h e  e f f e c t i v e  cesium emi t t i ng  area,  i s  e l imina ted .  

Rather  unexpected r e s u l t s  were ob ta ined ,  however, when t h e  electron-beam 

welded source  was t e s t e d .  Figure 16  shows t h e  n e u t r a l  f r a c t i o n  as  a func- 

t i o n  of  c u r r e n t  d e n s i t y .  

f r a c t i o n  ( %  1 5  p e r  c e n t  a t  20  m a / c m  ) even a f t e r  more than  t h i r t y  hours  

This  source  c o n s i s t e n t l y  showed very  high n e u t r a l  

2 
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Figure 11. Photomicrograph of HRL 3 . 9  micron after machining 
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Figure 12. Photomicrograph of HRL 3.9 micron after de-infiltration 
of copper 
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Figure  13. Photomicrograph of HRL 3.9 micron after slight electrolytic 
etching 
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Figure 14. Neutra l  f r a c t i o n  as  a func t ion  of c u r r e n t  d e n s i t y  
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Figure 1 5 .  Neu t ra l  f r a c t i o n  as a f u n c t i o n  of emitter temperature  
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Figure  16 .  Neutral  f r a c t i o n  as a func t ion  of cesium i o n  c u r r e n t  density 
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o f  ope ra t ion  and f o u r  s p u t t e r  c leanings.  To a s s u r e  t h a t  t h e  high n e u t r a l  

r ead ings  were no t  due t o  o u r  t e s t i n g  system, a t e s t e d  HRL 3 .9  u U. of I. 

rhodium brazed source  was used. The d a t a  from t h i s  sou rce  showed l o w  

n e u t r a l  r ead ings  which coincided e x a c t l y  with t h e  previous r e s u l t s .  Th i s  

n o t  only proved t h e  contaminants of t h e  HRL 3 .9  p e l e c t r o n  beam welded 

source are on t h e  source (poss ib ly  in t roduced  i n  g r e a t  depth during t h e  

welding) bu t  a l s o  showed t h e  consis tency o f  o u r  tests.  

2 The c r i t i c a l  temperatures  of t h i s  sou rce  a t  1, 5 ,  1 0  and 20 m a / c m  

-4 are shown i n  Figure 1 7 .  

b e f o r e  t h e  t e s t i n g  and 1.275 x a f t e r  t h e  t e s t i n g .  

The measured t r a n s m i s s i v i t y  was 1 . 1 5  x 1 0  

Test No. 4 - HRL 3 . 9  micron (NASA electron-beam welded No. 2 )  

I n  an at tempt  t o  e x p l a i n  the  unexpected high n e u t r a l  f r a c t i o n  o f  t h e  

p rev ious  sample, a second HRL 3 . 9  micron NASA electron-beam welded source 

was e x t e n s i v e l y  t e s t e d .  S p e c i a l  c a r e  was t aken  i n  t h e  welding p rocess  t o  

minimize t h e  p o s s i b i l i t y  o f  contamination. Figure 18  i n d i c a t e s  an improve- 

ment i n  n e u t r a l  f r a c t i o n  a f t e r  each s p u t t e r  c l ean ing .  The dec rease  i n  

n e u t r a l  f r a c t i o n  by a f a c t o r  o f t e n  af ter  t h e  first s p u t t e r i n g  i n d i c a t e s  

t h e  m a j o r i t y  o f  t h e  contaminants are  only on t h e  s u r f a c e  o f  t h i s  source.  

I n  Figure 1 9  t h e  c r i t i c a l  temperatures  t a k e n  a f t e r  each s p u t t e r i n g  

shows a decrease over  1 0 0  degrees a f t e r  f o u r  s p u t t e r  c l ean ings .  Figure 2 0  

i l l u s t r a t e s  t h e  c r i t i c a l  temperature vs .  c u r r e n t  d e n s i t i e s  f o r  t h e  c l ean  

s u r f  ace. 

The r e s u l t s  o f  s u b j e c t i n g  a c l e a n  s u r f a c e  t o  about one t o r r  o f  a i r  

f o r  t h i r t y  seconds are shown i n  Figures  2 1  and 22 .  The d a t a  shown i n  

t h e s e  f i g u r e s  was taken wi th  t h e  chamber pumped down to an o r d e r  o f  1 0  

t o r r .  The s u r f a c e  with adsorbed oxygen shows a low n e u t r a l  f r a c t i o n  and 

-8 
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Figure 1 7 .  Neu t ra l  f r a c t i o n  as a func t ion  of emitter tempera ture  
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Figure  18. Neu t ra l  f r a c t i o n  a s  a f u n c t i o n  o f  cesium i o n  c u r r e n t  d e n s i t y  
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Figure  1 9 .  Improvement of c r i t i c a l  t empera tures  a f t e r  each s p u t t e r  
c l ean ing  by cesium i o n s  
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Figure  20.  Neu t ra l  f r a c t i o n  as a func t ion  of e m i t t e r  tempera ture  

31 



/OU C U R R W  

Figure 2 1 .  Neut ra l  f r a c t i o n  as a f u n c t i o n  of  cesium i o n  c u r r e n t  for 
c l e a n  and oxygewted  s u r f a c e  
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Figure 2 2 .  S p u t t e r  c l ean ing  of an adsorbed oxygen l a y e r  on a c l e a n  
t u n g s t e n  s u r f a c e  
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a high c r i t i c a l  temperature .  The decrease  i n  c r i t i c a l  tempera ture  a f t e r  

two s p u t t e r i n g s  i n d i c a t e s  t h a t  a c l e a n  su r face  can be obta ined  r e a d i l y .  

-4 The t r a n s m i s s i v i t y  o f  t h i s  source  was measured t o  be 1 . 3 0  x 1 0  

be fo re  t h e  t e s t i n g  and 1 . 3 1  x a f t e r  t h e  t e s t i n g .  

Test No. 5 - LeRC 4 .2  micron (NASA electron-beam welded) 

I n  Figure 23 are shown t h e  r e s u l t s  o f  measurements o f  pe r  c e n t  n e u t r a l  

f r a c t i o n  as a func t ion  o f  c u r r e n t  d e n s i t y  from t h e  sou rce .  The r e s u l t s  

show a very  high n e u t r a l  f r a c t i o n  be fo re  t h e  first s p u t t e r i n g  c l ean ing  of 

t h e  source .  An immediate improvement i s  noted a f t e r  t h e  source  was spu t -  

t e r r e d  t h e  f irst  t i m e .  However, a f t e r  seven s p u t t e r i n g s ,  t h e  n e u t r a l  

f r a c t i o n  w a s  f u r t h e r  reduced only  by a f a c t o r  of  about  two a t  low c u r r e n t  

L d e n s i t y  ( 1 - 5  m a / c m  ) and almost  no t  a t  a l l  for c u r r e n t  d e n s i t i e s  above 6 

m a / c m  . 2 

Figure  24 shows t h e  n e u t r a l  f r a c t i o n  as a f u n c t i o n  of  emitter temper- 

z a t u r e  f o r  c u r r e n t  d e n s i t i e s  o f  1, 5 ,  10 and 20 m a / c m  a f t e r  s p u t t e r i n g  

c l ean ing .  

d e n s i t y  and the  slow i n c r e a s e  of  n e u t r a l  emission a t  c r i t i c a l  tempera tures  

are t h e  c h a r a c t e r i s t i c  of  t h i s  source .  

The r a p i d  degrada t ion  o f  performance wi th  inc reas ing  c u r r e n t  

-4 
The measured t r a n s m i s s i v i t y  of  t h i s  source  was 1.18 x 1 0  be fo re  

t e s t i n g  and 1.13 x a f t e r  t e s t i n g .  

Test No. 6 - EOS 1B-N20 (EOS electron-beam welded) 

F igu res  25 and 26 are photomicrographs of t h e  s u r f a c e  of  EOS 1B-N20 

wi th  magni f ica t ions  of 500 and 1000  r e s p e c t i v e l y .  

low equ iva len t  s o l i d  d e n s i t y  (51.55 pe r  c e n t ) .  

micrographs t h a t  t h e  s t r u c t u r e  i s  very  d i f f e r e n t  from t h a t  of  compressed 

s p h e r i c a l  powders. 

This  p e l l e t  has  a very 

I t  can be seen  from t h e  

The l a r g e  dark areas of t h e  micrographs should no t  be 
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Figure 2 5 .  Photomicrograph a t  500x of EOS 1B-N20 
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F i g u r e  2 6 .  Photomicrograph at lOOOx of EOS 1B-N20 
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i n t e r p r e t e d  as ho le s  on t h e  su r face  b u t  r a t h e r  are  a c t u a l l y  cavities 

of t h e  same m a t e r i a l  from t h e  su r face .  

p e l l e t  n o t  si innl  i e d .  

The method o f  p repa ra t ion  of  t h i s  

--r.r----- 

Figure  27 shows t h e  percent  n e u t r a l  f r a c t i o n  as a f u n c t i o n  o f  c u r r e n t  
n L d e n s i t y  t o  1 0  m a / c m  . 

t h e  sou rce  a f t e r  t h e  i n i t i a l  c leaning .  I t  is obvious t h a t  extreme c a r e  

was t aken  i n  t h e  p repa ra t ion  and mounting of t h i s  source  t o  avoid any pos- 

s i b l e  contaminat ion of t h e  s u r f a c e .  

It should be noted t h a t  There was l i t t l e  change i n  

The curve i n  Figure 1 is extended a s  

z a d o t t e d  p o r t i o n  i n t o  t h e  range  above 1 0  m a / c m  . 
mation o f  t h e  h ighe r  c u r r e n t  d e n s i t y  behavior  o f  t h e  source.  

t aken  i n  t h i s  range because of t h e  ex t r a  a r e a  of  t h i s  p a r t i c u l a r  source .  

The system used i n  t h e s e  tests were designed t o  handle  a source  of  0 . 1 2  

c m 2  area a t  a c u r r e n t  d e n s i t y  of  up t o  20-25 m a / c m 2 .  To reach  t h e  same 

This  r e p r e s e n t s  our e s t i -  

Data was no t  

L c u r r e n t  d e n s i t i t e s  wi th  an inc rease  i n  t h e  source  area t o  0.168 c m  and 

ma in ta in  emission l i m i t e d  c h a r a c t e r i s t i c s  r equ i r ed  h ighe r  p o t e n t i a l s  t han  

are p o s s i b l e  i n  t h e  system. 

m a / c m  . 
Consequently d a t a  a r e  r epor t ed  only  t o  1 0  

2 

Figure  28 shows t h e  n e u t r a l  f r a c t i o n  as a f u n c t i o n  o f  t h e  source  

tempera ture  and provides  c r i t i c a l  temperature  d a t a  f o r  t h e  sou rce .  The 

curves  shown are  f o r  t h e  c l e a n  source.  The source  c r i t i c a l  temperature  

when i n i t i a l l y  mounted (no c l ean ing)  as  compared wi th  t h e  c r i t i c a l  temper- 

a t u r e  a f t e r  one s p u t t e r i n g  was about 60' h ighe r .  

( s p u t t e r i n g s )  d i d  no t  change t h e  c r i t i c a l  tempera ture  by more than  1 5  t o  

20 deg rees .  

Successive c l ean ings  

The t r a n s m i s s i v i t y  o f  t h i s  source w a s  measured and found t o  be 2.26 

x befo re  mounting i n  t h e  t e s t  system. After removal o f  t h e  source  

from t h e  t e s t  system t h e  t r a n s m i s s i v i t y  was 2.85 x 1 0  
-4 . 
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From a l l  i n d i c a t i o n s  t h i s  source  has  e x c e l l e n t  c h a r a c t e r i s t i c s  and as 

has  been mentioned, was prepared wi th  extreme c l e a n l i n e s s .  

Tes t  No. 7 - LeRC 3 .5  micron 

Figure  29 shows t h e  cesium n e u t r a l  f r a c t i o n  as a f u n c t i o n  of  i o n  cur -  

r e n t  d e n s i t y  f o r  t h i s  source .  Before t h e  source  was c leaned  by s p u t t e r i n g  

t h e  n e u t r a l  f r a c t i o n  tended t o  be r e l a t i v e l y  h igh  a t  t h e  h ighe r  c u r r e n t  

d e n s i t i e s .  After s e v e r a l  s p u t t e r i n g s  t o  c l e a n  t h e  s u r f a c e ,  t h e  source  

appeared t o  be c l e a n  and behaved as it should f o r  a c l e a n  s u r f a c e .  The 

curve des igna ted  " a f t e r  f o u r t h  s p u t t e r i n g "  is t y p i c a l .  Seve ra l  c y c l e s  o f  

L t h e  source  were made wi th  ion  c u r r e n t  d e n s i t i e s  from 1 . 0  t o  2 0 . 0  m a / c m  . 
During one o f  t hese  c y c l e s ,  a problem i n  t h e  system developed and t h e  

vacuum chamber was opened t o  c o r r e c t  t h e  f a u l t .  

source  w a s  operated throughout t h e  same range  of  c u r r e n t  d e n s i t i e s .  A 

t y p i c a l  se t  o f  d a t a  i s  shown i n  Figure 29 and des igna ted  "af ter  n i n t h  

s p u t t e r i n g . "  The r e s u l t s  shown i n d i c a t e  t h a t  t h e  source  s u r f a c e  was oxy- 

gena ted .  Th i s  assumption i s  cor robora ted  by t h e  d a t a  shown i n  F igure  30 ,  

i n  which t h e  n e u t r a l  f r a c t i o n  i s  d isp layed  as  a f u n c t i o n  o f  tempera ture .  

The c r i t i c a l  temperature  found on t h e  curve  l a b e l e d  "after f o u r t h  s p u t t e r -  

ing" is much lower than  t h a t  f o r  t h e  "eighth" and "ninth" s p u t t e r i n g  

cu rves  t h u s  i n d i c a t i n g  a long  wi th  t h e  d a t a  i n  Figure 29 t h a t  t h e  source  

Following pump-down, t h e  

. .  

was oxygenated a f t e r  exposure t o  t h e  atmosphere as mentioned. 

The d a t a  shown i n  F igure  3 1  was , taken a f t e r  t h e  f o u r t h  s p u t t e r i n g  and 

be fo re  opening t h e  vacuum system and hence can be cons idered  t y p i c a l  o f  

t h e  source  wi th  a c l e a n  s u r f a c e .  

The t r a n s m i s s i v i t y  o f  t h e  source  was measured both be fo re  and a f t e r  

it w a s  t e s t e d  with cesium. 

be  7 . 5  x 

I n  both  cases t h e  t r a n s m i s s i v i t y  w a s  found t o  
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Figure 29. Neu t ra l  f r a c t i o n  as  a func t ion  o f  c u r r e n t  d e n s i t y  
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Figure 30. Neut ra l  f r a c t i o n  as a f u n c t i o n  of e m i t t e r  tempera ture  
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Neutra l  f r a c t i o n  a s  a f u n c t i o n  of  e m i t t e r  tempera ture  F igure  31. 
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Test N o .  8 - EOS ORNL 4 .2  micron 

When t h e  EOS ORNL 4.2 micron sample w a s  first p laced  i n  o p e r a t i o n ,  

i t s  n e u t r a l  f r a c t i o n  was extremely h igh .  

cons ide rab ly  a f t e r  t h e  first s p u t t e r i n g  as shown i n  F igure  32. 

The n e u t r a l  f r a c t i o n  decreased  

The r a p i d  

i n c r e a s e  o f  n e u t r a l  f r a c t i o n  wi th  i n c r e a s i n g  c u r r e n t  d e n s i t y  i n d i c a t e s  

poor pore d i s t r i b u t i o n .  The improvement o f  cesium n e u t r a l  f r a c t i o n  and 

c r i t i c a l  temperature  a f t e r  r e p e a t e d . s p u t t e r  c l e a n i n g  i s  demonstrated i n  

F igures  32 through 36. 

temperature  f o r  a c l e a n  s u r f a c e  i s  shown i n  F igure  37. 

The n e u t r a l  f r a c t i o n  as  a f u n c t i o n  of  emitter 

-4 The measured t r a n s m i s s i v i t y  was 1.075 x 1 0  b e f o r e  t e s t i n g  and 1 .63  

x a f t e r  t e s t i n g .  

Test N o .  9 - EOS ORNL 3.5 micron 

This  source i s  s imilar  t o  ORNL 4.2 micron i n  view of  t h e  high n e u t r a l  

f r a c t i o n  as it  w a s  first p laced  i n  ope ra t ion .  

f r a c t i o n  i n  the  f irst  run  when t h e  c u r r e n t  d e n s i t y  inc reased  t o  4 m a / c m  

i n d i c a t e s  contaminants were brought ou t  t o  t h e  s u r f a c e  from t h e  i n t e r i o r  

of t h e  pores .  The improvement of  n e u t r a l  f r a c t i o n  as a func t ion  o f  c u r r e n t  

d e n s i t y  as  t h e  sou rce  was r e p e a t e d l y  s p u t t e r  c leaned  i s  shown i n  F igure  38. 

F igures  39 through 42 show t h e  change i n  c r i t i c a l  t empera tures  b e f o r e  and 

a f t e r  s p u t t e r  c l ean ing  f o r  d i f f e r e n t  c u r r e n t  d e n s i t i e s .  

was measured t o  be 1 . 3 6  x 1 0  

The sudden jump i n  n e u t r a l  

2 

The t r a n s m i s s i v i t y  

-4 before  t e s t i n g  and 1 . 3 1  x a f t e r  t e s t i n g .  
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Figure 32 .  Neutral  f r a c t i o n  as a f u n c t i o n  o f  c u r r e n t  d e n s i t y  

47 



30 

/ O  

/. 0 

Figur 

EM I E M f € R A  f i /R e ef( 
Neutra l  f r a c t i o n  as a func t ion  of e m i t t e r  tempera ture  'e 33. 

48 



3000 

€df--R E W p E a A  + U R E  

Figure  34. Neutra l  f r a c t i o n  as  a func t ion  of  emitter tempera ture  
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Neutra l  f r a c t i o n  as a func t ion  of emitter temperature  
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Figure 36. Neut ra l  f r a c t i o n  as a f u n c t i o n  of e m i t t e r  tempera ture  
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Figure  3 7 .  Neutra l  f r a c t i o n  as a func t ion  of e m i t t e r  tempera ture  
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Figure 39. Neut ra l  f r a c t i o n  as a func t ion  of emitter temperature  
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Figure 40. Neut ra l  f r a c t i o n  as a func t ion  of emitter tempera ture  
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Figure 41.  Neut ra l  f r a c t i o n  as a f u n c t i o n  of e m i t t e r  tempera ture  
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Figure 4 2 .  Neutral  f r a c t i o n  as a func t ion  o f  e m i t t e r  temperature  
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Figure 43. Neu t ra l  f r a c t i o n  as  a func t ion  o f  c u r r e n t  d e n s i t y  

59 



Figure  4 4 .  Neut ra i  f r a c t i o n  as a func t ion  o f  emitter temperature  
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Figure 45 .  Neut ra l  f r a c t i o n  as  a f u n c t i o n  of emitter tempera ture  
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Figure  46.  Neut ra l  f r a c t i o n  as a f u n c t i o n  of emitter temperature  
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Figure 47. Neu t ra l  f r a c t i o n  as a f u n c t i o n  of  emitter temperature  
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Figure 49. Photomicrograph a t  lOOOx of  HRL 3 .9  micron 

65 

~ 





Figure 51. Photomicrograph a t  lOOOx of L e R C  3 . 5  micron 
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Figure 5 2 .  Photomicrograph at l O O O x  of ORNL 4.2 micron 
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Figure 5 3 .  Photomicrograph a t  l O O O x  of  ORNL 5.5 micron 
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Figure 54. Photomicrograph a t  l O O O x  of EOS 1B-1; 13 
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APPENDIX 



IONIZER PELLET EVALUATION REPORT NAS 3- 8 904 

n 2 Made By rores Per! CM 

Average Particle Size Average Pore Size 

Particle Size Distribution Pore Size Distribution 
Micron Diameter Percent Micron Diameter Percent 

7.5 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 
1.5 - 1.0 

< 1.0 

> 1.6 
1.2 - 1.6 
0.8 - 1.2 
0.4 - 0.8 

< 0.4 

Pellet Diameter (Effective) 
Transmission Coefficient 1.5 x lom5 Thickness Cm, Density 7 
Pressure Torr Ap/At Torr/s ec 
Calculated True Density Work Function *, eV 
Surface Treatment 
SamDle Information * Saha-L. Ea. - % Neutrals at 1 Ma/cm 

Average Distance Between Pores 

1100 1200 1300 1400 1500 
Ionizer Critical Temperature, O K  
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Minimum Neutral Fract ion,  O/O 



IONIZER PELLET E V A L U A T I O N  REPORT 

P e l l e t  Type HRL 3 . 9  3 U .  of  I .  No.2 T e s t  No. LIa.?tr 2 2  Scpt 66 

2 Made By Pores  F e r  CM 

Average P a r t i c l e  S i z e  - Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  Distribution 
Micron Diameter Percent  Micron Diameter Percent  

7.5 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 
1 .5  - 1.0 

< 1.0 

z 1.6 
1.2 - 1.6 
0.8 - 1 . 2  
0.4  - 0.8 

c 0 . 4  

Average Distance Between Pores  
% 

P e l l e t  Diameter ( E f f e c t i v e )  
Transmission Coeff ic ien t  6.85 x 10 Thickness Cm, Density 
P r e s s u r e  Torr  Ap//At Torr 1 s e c 
Calcu la t ed  True Density 
Sur face  Treatment 
Sample Information $3 Saha-L. Eq.  - % Neut ra l s  a t  1 Ma/cm 

5 

Work Funct ion ?;¶ eV 

100 
80 
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40 
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20 

IO 
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6 

4 
3 

2 

I 
1100 1200 1300 1400 1500 .01 .I I 5 

Ionizer Criticol Temperature,OK Minimum Neutral Fraction, O/O 



IONIZER PELLET EVALUATION REPC)RT NAS3 - 8 904 

Lt.iieT: Type Huphes 3 . 9  Micron Test ?!a. Date 

Made By Pores Pe r  ci.i2 

Average P a r t i c l e  S i z e  

- 
NASA Elec t ron  Beam Welded 

Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S ize  D i s t r i b u t i o n  
Micron Diameter Percent  Micron Diameter Percent  

> 1.6 
1.2 - 1.6 

5 . 0  - 3.3 
3 .3  - 2 . 2 5  
1 . 5  - 1.0 

< 1.0 

0.8  - 1.2 
0.4 - 0.8 

< 0 < 4  

P e l l e t  Diameter ( E f f e c t i v e )  Average Distance Between Pores  

P res su re  Torr AplAt Torr/ sec 
Ca lcu la t ed  True Density - 
Sur face  Treatment 
Sample Information 

Transmission Coef f i c i en t  1.15 x 1 0 - ~ T h i c k n e s s  Cm, Density % 

fi, eV Work Funct ion 

f: Saha-L. Eq.  - % Neut ra l s  a t  1 Ma/cm 

n 
eJ 

E 
\o 
E 
0 

Y 

)r 

v) c 
Q, 

t .- 
n 

2 
c 
t 

L 
3 
0 

1100 1200 1300 1400 1500 .01 .I I 5 
Ionizer Critical Temperature,OK Minimum Neutral Fraction, ,O/O 

IO 



I O N I Z E R  PELLET EVALUATION REPORT NAS3 - 8 904 
HRL 3 . 9  micron LRC-4 

P e l l e t  Type NASA Electron Beam Weldedest No. Date 27 Oct 66 
#2 

Made By Pores P e r  CM' 

Average P a r t i c l e  S i z e  Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  D i s t r i b u t i o n  
Micron Diameter P e r  cen t  Micron Diameter Percent  

7.5 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 
1 .5  - 1 .0  

< 1.0 

> 1.6 
1 . 2  - 1 . 6  
0 .8  - 1.2 
0.4 - 0 . 8  

< o o 4  

P e l l e t  Diameter ( E f f e c t i v e )  

P r e s s u r e  
Ca lcu la t ed  True Density 

L) Average Distance Between Pores  
Transmission Coef f i c i en t  1 3 X 1u Thickness C m ,  Density % 

Torr Ap/At Torr /  s ec 
Work Function iti, e V  

~~ 

Sur face  Treatment 
Sample Information Saha-L. Eq. - % Neut ra l s  a t  1 Ma/cm 

U 

100 
80 
60 

40 

30 

20 

IO 
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6 

4 

3 

2 

I 
1 .  01 . I  I 5 

Ionizer C ri t ica I Tern pera tu re, O K  Minimum Neutral Fraction, O/O 



I O N I Z E R  PELLET EVALUATION REPORT NAS 3 - 8 90 4 

P e l l e t  Type LERC 4 , 2  Micron Test No. Date 1 2  Dec 66 

Made By Pores  P e r  CM 

- 
2 

Average P a r t i c l e  S i z e  Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  D i s t r i b u t i o n  
Pe rcen t  Micron Diameter Percent  Micron Diameter 

> 7.5 
7.5 - 5.0 
5.0 - 3.3  
3.3 - 2.25 
1.5 - 1.0 

< 1.0 

P e l l e t  Diameter ( E f f e c t i v e )  
Transmission Coef f i c i en t  1 .18 x 10- 
Pressu re  Torr 
Ca lcu la t ed  True Densi ty  
Sur face  Treatment 
Sample Information 

> 1.6 
1.2 - 1.6 
0.8 - 1.2 
0.4 - 0.8 
i 0 , 4  

Average Distance Between Pores  
Thickness C m ,  Densi ty  % 
ApIAt Torr / sec  
Work Funct ion A ,  e V  

it Saha-L. E q .  - % Neut ra l s  a t  1 Ma/cm 

1100 1200 1300 1400 1500 .01 .I  I 5 
Ionizer Critical Temperature,"K Minimum Neutral Fraction, "% 



IONIZER PELLET EVALUATION REPORT NAS3-8904 

Pellet .ne EOS 1B-N20 W-lB(asbn) Test No. Date 20 Jan 67 

Made By Pores Per CM 

Average Particle Size 

Tlr 
2 

Average Pore Size 

Particle Size Distribution Pore Size Distribution 
Percent Micron Diameter Percent Micron Diameter 

> 7.5 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 
1 . 5  - 1 .0  

< 1.0 

> 1.6 
1 . 2  - 1 .6  ~ 

0.8 - 1.2 
0.4 - 0.8 

< 0.4 

Pellet Diameter (Effective) Average Distance Between Pores 
Transmission Coefficient 2 . 2  6 x 10-4Thickness Cm, Density 7 

Torr Ap/At Torr/ sec Pressure 
Calculated True Density Work Function '4, eV 
Surface Treatment 
Sample Information ft Saha-L. E q .  - % Neutrals at 1 Ma/cm 

I 

I 

10 .01 .I I 5 

Ionizer Critical Temperature, O K  Minimum Neutral Fraction, O/O 



I O N I Z E R  PELLET EVALUATION REPORT NAS3-8904 

P e i l e t  Type LERC 3.5 Micron Test No. Date 8 Feb 67 

Made By Pores P e r  CM 

Average P a r t i c l e  S i z e  

2 

Average Pore S i z e  

Pa r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  D i s t r i b u t i o n  
Micron Diameter Pe rcen t  Micron Diameter Percent  

> 7.5 
7.5 - 5.0  
5 .0  - 3.3 
3.3 - 2 . 2 5  
1 .5  - 1 . 0  

< 1.0 

> 1 . 6  
1.2 - 1.6 
0 . 8  - 1.2 
0 . 4  - 0.8 

< 0 , 4  

P e l l e t  Diameter ( E f f e c t i v e )  Average Distance Between Pores  

P r e s s u r e  Torr Ap/At Tor r / sec  
Ca lcu la t ed  True Density Work Funct ion 

Transmission Coef f i c i en t  7.5 x 10-5 Thickness Cm, Densi ty  % 

&, eV 
Sur face  Treatment 
Samp l e  I n f orma t i on fi  Saha-L. E q .  - % Neut ra l s  a t  1 Ma/cm 

cu" 
E e 
E 
0 
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)r 

cn 
c 
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c .- 
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c 
L 
L 
3 
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1100 1200 1300 1400 1500 

Ionizer Critical Temperature, O K  

.o I .I I 5 

Minimum Neutral Fraction, O/O 



IONIZER PELLET 

Average Particle Size 

Particle Size Distribution 
Micron Diameter Percent 

> 7.5 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 
1.5 - 1.0 

EVALUATION REPORT NAS3 - 8 904 

Test No. Date 27 Feb 6 7  

Pores Per CM 2 

Average Pore Size 

Pore Size Distribution 
Micron Diameter Percent 

> 1.6 
1.2 - 1.6 
0.8 - 1.2 
0.4 - 0.8 

< 0 ,4  
< 1.0 

verage Distance Between Pores 
Cm, Density % 

Torr/sec 
4 Pellet Diameter (Effective) 

Transmission Coefficient 1.075 x 10 hickness 
Pressure Torr Ap/At 
Calculated True Density 
Surface Treatment 
Sample Information 

Work Function &, eV 

* Saha-L. Eq.  - % Neutrals at 1 Ma/cm 

1100 1200 1300 1400 1500 .01 .I I 5 

Ionizer Crit ical Temperature,OK Minimum Neutral  Fraction, '/O 



I O N I Z E R  PELLET E V A L U A T I O N  REPORT NAS 3- 8 904 

P e i i e t  Type ECS ORh!L 3 . 5  ?I Test No. Date 2 Feb 67 

Made By l v L e ~  P e r  CM 

Average P a r t i c l e  S i z e  

2 D-m 

Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  D i s t r i b u t i o n  
Micron Diameter Pe rcen t  Micron Diameter Percent  

> 7 . 5  
7 .5  - 5.0 
5.0 - 3 .3  
3.3 - 2.25 
1 . 5  - 1 . 0  

< 1.0 

1.6 
1.2 - 1 . 6  
0 .8  - 1 . 2  
0 . 4  - 0.8 

P e l l e t  Diameter ( E f f e c t i v e )  Average Distance Between Pores  - 

P r e s s u r e  Torr Ap/At I 

% 
Torr/sec 

Work Funct ion il', eV 

- --___ Transmission Coeff ic ien t  1 . 3 6  X 10 4Thicknes s 

Ca lcu la t ed  True Density 
Sur face  Treatment 
Sample Information 

C m ,  Densi ty  

Saha-L. E q .  - % Neut ra l s  a t  1 ::a/crn 

- 
cu 
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f! 
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0 

1100 1200 1300 1400 1500 .01 . I  I 5 
Ionizer Critical Tern perature, O K  Minimum Neutral Fraction, O/O 



IONIZER PELLET EVALUATION REPORT NAS 3 -8 9 04 

P e l l e t  Type EOS 1B-Nl3 W-1B (asbn)Test No. Date 

Made By Pores Per  CM 

Average P a r t i c l e  S i z e  

2 

Average Pore S i z e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  Pore S i z e  D i s t r i b u t i o n  
Micron Diameter Percent  Micron Diameter Percent  

i 7 . 5  > 1.6 
7.5 - 5.0 
5.0 - 3.3 
3.3 - 2.25 

~. ~ 

1 . 2  - 1 . 6  
0.8 - 1.2 
0.4 - 0 . 8  

1.5 - 1.0 < 0.4 

P e l l e t  Diameter ( E f f e c t i v e )  

P r e s  s u r  e Torr Ap/At Torr /  sec 

Sur face  Treatment 
Sample Information 

Average Distance Between Pores  
Transmission C o e f f i c i e n t 1  .7- Thickness Cm, Densi ty  % 

Calcu la t ed  True Density Work Function f:, e V  

f: Saha-L. Eq. - % Neut ra l s  a t  1 Ma/cm 

I I  

I o n  I t e r  Cr i t ica l  Temperature, O K  


